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• Abstract — The physiological glucoregulatory mecha­
nisms after islet transplantation have been incompletely 
investigated. We studied the insulin secretory capacity 
(ISC) by intravenous arginine stimulation during 3 5 - m M 
glucose clamps, insulin action during hyperinsulinemic 
euglycemic clamps, and mixed-meal stimulation at 6 - 9 mo 
after intrasplenic islet autotransplantation in 8 dogs, as 
compared with 3 0 controls. The enteroinsular axis in the 
recipients was examined by infusion of porcine glucose-
dependent insulinotropic polypeptide (GIP) and human 
glucagon-like peptide-1 (GLP-1) ( 7 - 3 6 amide) under 
8.5-mM glycemic clamp conditions in order to mimic the 
postprandial glycemia after transplantation. The grafts 
comprised 2 5 % of the native islet mass, and the ISC 
likewise averaged 2 5 % of the control value. The postpran­
dial insulin response, in contrast, had increased to 1 4 0 % 
after transplantation—albeit with a concomitant glucose 
excursion to approximately 8 . 5 mM. Insulin action declined 
on average by 4 5 % posttransplant. The ISC correlated both 
with the postprandial glucose excursion and insulin action 
in the grafted dogs. Insulin action did not correlate with the 
postprandial glucose excursion. Infusion of GIP had no 
effect, but GLP-1 nearly doubled glucose-stimulated insu­
lin. Thus, a hyperglycemia-enhanced insulinotropic effect 
of GLP-1, and perhaps other gut hormones, may account 
for the difference in the insulin response to the intravenous 
and oral challenges. Because the ISC reflects the engrafted 
islet mass and appears to be the primary determinant of 
glucose tolerance, transplantation of higher islet doses 
should allow prolonged near-normal glucoregulation—at 
least, in the autotransplant setting. © 1 9 9 7 Elsevier Sci­
ence Inc. 
• Keywords — Islet of Langerhans; Transplantation; Glu­
cose-dependent insulinotropic polypeptide; Glucagon-like 
peptide-1. 
INTRODUCTION 
Is le t t ransp lanta t ion i s a p r o m i s i n g a p p r o a c h t o re ins ta te 
n o r m a l g l u c o s e c o n t r o l in i n s u l i n - d e p e n d e n t d i a b e t i c 
pa t i en t s . H o w e v e r , t o w h a t e x t e n t the p h y s i o l o g i c a l 
g l u c o r e g u l a t o r y m e c h a n i s m s are p r e s e r v e d after i s l e t 
t ransp lanta t ion h a s b e e n i n c o m p l e t e l y i n v e s t i g a t e d . D e ­
t a i l e d f u n c t i o n a l da ta f o l l o w i n g s u c c e s s f u l c l i n i c a l i s l e t 
t ransp lanta t ion are s c a n t ( 4 , 8 , 1 4 ) , a n d t h e i n s u l i n s e c r e ­
tory c a p a c i t y a n d p h y s i o l o g i c a l g l u c o r e g u l a t i o n h a v e 
r e c e i v e d l i m i t e d a t t e n t i o n i n e x p e r i m e n t a l s t u d i e s , a s 
w e l l ( 1 7 , 2 0 , 2 1 , 2 4 , 2 5 , 2 8 ) . W e , there fore , i n v e s t i g a t e d the 
i n s u l i n s e c r e t o r y c a p a c i t y b y i n t r a v e n o u s a r g i n i n e s t i m ­
u l a t i o n d u r i n g 3 5 - m M g l u c o s e c l a m p s , the a c t i o n o f 
i n s u l i n d u r i n g h y p e r i n s u l i n e m i c e u g l y c e m i c c l a m p s , a n d 
the e f f i c a c y o f p h y s i o l o g i c a l m e a l s t i m u l a t i o n , i n 8 
l o n g - t e r m i s l e t a u t o t r a n s p l a n t e d d o g s . W e r e c e n t l y p r e ­
s e n t e d data s u g g e s t i n g that h y p e r g l y c e m i c p o t e n t i a t i o n 
o f t h e e n t e r o i n s u l a r a x i s m a y b e a n i m p o r t a n t m e c h a n i s m 
t o l i m i t p o s t p r a n d i a l g l u c o s e e x c u r s i o n s after i s l e t trans­
p l a n t a t i o n ( 2 4 ) . W e further d e m o n s t r a t e d that f r e s h l y 
i s o l a t e d i s l e t s st i l l d o r e s p o n d in v i t ro t o p h y s i o l o g i c a l 
s t i m u l a t i o n w i t h t h e i n s u l i n o t r o p i c g u t h o r m o n e s ( i n c r e -
t ins ) G I P a n d G L P - 1 ( 2 3 ) . A s y e t , h o w e v e r , it r e m a i n s to 
b e e l u c i d a t e d w h e t h e r t h e s e i n c r e t i n e f f e c t s are p r e s e r v e d 
after l o n g - t e r m transp lanta t ion o f i s l e t s . In a d d i t i o n , 
t h e r e f o r e , w e e x a m i n e d the i n s u l i n o t r o p i c e f f e c t s o f 
l o w - d o s e i n f u s i o n o f G I P a n d G L P - 1 i n the t r a n s p l a n t e d 
a n i m a l s u n d e r h y p e r g l y c e m i c c l a m p c o n d i t i o n s that 
m i m i c the p o s t p r a n d i a l a p p r o x i m a t e l y 8 .5 m M g l y c e m i a , 
o b s e r v e d i n o u r i s l e t r e c i p i e n t s . 
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MATERIALS AND METHODS 
Animals 
E x p e r i m e n t s w e r e p e r f o r m e d , i n a c c o r d a n c e w i t h the 
P r i n c i p l e s o f L a b o r a t o r y A n i m a l C a r e ( N I H p u b l i c a t i o n 
N o . 8 5 - 2 3 , r e v i s e d 1 9 8 5 ) a n d ins t i tu t iona l g u i d e l i n e s , i n 
3 8 adul t , f e m a l e , o u t b r e d b e a g l e s ( H a r l a n , Z e i s t , T h e 
N e t h e r l a n d s ) w e i g h i n g 8 - 1 8 k g . E i g h t d o g s u n d e r w e n t 
total p a n c r e a t e c t o m y a n d i n t r a s p l e n i c i s l e t a u t o t r a n s p l a n ­
ta t ion , the o t h e r d o g s s e r v e d as c o n t r o l s . T h e a n i m a l s 
w e r e m a i n t a i n e d o n a r e g u l a r d i e t o f s e m i l i q u i d d o g f o o d 
( 5 0 e n e r g y % c a r b o h y d r a t e , 2 0 e n e r g y % fat, a n d 3 0 
e n e r g y % p r o t e i n ; C o m p l e t e D o g F o o d D - B , H o p e F a r m s , 
W o e r d e n , T h e N e t h e r l a n d s ) t w i c e d a i l y and h a d f r e e 
a c c e s s to w a t e r . A f t e r i s l e t t ransp lanta t ion t h e d i e t w a s 
s u p p l e m e n t e d w i t h 2 g / d a y p r o t e a s e - l i p a s e - a m y l a s e p e l ­
l e t s ( O r g a n o n , O s s , T h e N e t h e r l a n d s ) . 
Islet Transplantation 
A f t e r a 2 4 - h fas t , total p a n c r e a t e c t o m y w a s p e r f o r m e d 
for i s l e t i s o l a t i o n a n d a u t o t r a n s p l a n t a t i o n i n d o g s , a n e s ­
t h e t i z e d as d e s c r i b e d p r e v i o u s l y ( 2 4 ) . I s l e t s w e r e i s o l a t e d 
f r o m the p a n c r e a s b y in traducta l p e r f u s i o n w i t h H a n k s ' 
b a l a n c e d sal t s o l u t i o n ( F l o w L a b o r a t o r i e s , I rv ine , U K ) 
c o n t a i n i n g 1 6 0 0 U / m L c o l l a g e n a s e t y p e V or X I ( S i g m a , 
St . L o u i s , M O ) , d i g e s t i o n for 8 - 2 0 m i n at 3 7 ° C , a n d 
g e n t l e tr i turat ion o f t h e t i s s u e at 4 ° C . T h e t i s s u e w a s 
r e s u s p e n d e d in the b o t t o m l a y e r o f s t e p d e n s i t y g r a d i e n t s 
( 1 . 0 9 5 , 1 . 0 8 5 , 1 . 0 7 5 , a n d 1 . 0 4 5 g / m L ) o f 7 0 k D a d e x t r a n 
( S i g m a ) i n H a n k s ' s o l u t i o n , a n d p u r i f i e d i s l e t s w e r e 
c o l l e c t e d f r o m t h e t w o u p p e r m o s t l a y e r s after c e n t r i f u ­
g a t i o n at 5 0 0 X g for 2 0 m i n . T h e i s l e t s w e r e auto trans -
p l a n t e d i n the s p l e e n o f the a n i m a l b y r e f l u x v i a t w o 
s p l e n i c v e i n tr ibutar ies , w h i l e c l a m p i n g the s p l e n i c 
p e d i c l e a n d short gas tr i c v e s s e l s . T h e total v o l u m e o f 
t r a n s p l a n t e d i s l e t s a n d t h e puri ty ( r e l a t i v e i s l e t v o l u m e ) 
o f t h e graft w e r e a s s e s s e d b y m o r p h o m e t r y ( 2 2 ) . T h e 
i s l e t d o s e p e r k g b o d y w e i g h t a v e r a g e d 3 6 7 9 ± 8 4 9 i s l e t 
e q u i v a l e n t s ( I E Q s ) , w h i c h c o r r e s p o n d s t o a p p r o x i m a t e l y 
2 5 % o f the a v e r a g e n a t i v e i s l e t m a s s o f 1 4 6 6 8 I E Q s / k g i n 
1 4 c o n t r o l p a n c r e a s e s a s a s s e s s e d b y s t e r e o l o g y ( 2 4 ) . T h e 
pur i ty o f t h e graf ts w a s 7 0 ± 1 0 % . 
Glucoregulation Studies 
T h e t e s t s w e r e p e r f o r m e d i n the c o n t r o l s a n d 6 - 9 m o 
p o s t t r a n s p l a n t i n the i s l e t r e c i p i e n t s , after an o v e r n i g h t 
1 8 - h fas t w i t h an in terva l o f at l e a s t 2 d a y s . A n i m a l s 
a p p e a r e d to b e in g o o d c o n d i t i o n , a n d h a d n o r m a l s t o o l s 
a n d s t e a d y b o d y w e i g h t s — r e c i p i e n t s : 1 1 . 0 - 1 2 . 6 k g 
( 9 2 ± 4 % o f p r e o p e r a t i v e w e i g h t ) — t h r o u g h o u t the 
s t u d i e s . Ser ia l w e e k l y a s s e s s m e n t o f the f a s t i n g a n d 2 - h 
p o s t p r a n d i a l p l a s m a g l u c o s e l e v e l s i n the r e c i p i e n t s 
d u r i n g 2 m o p r e c e e d i n g the m e t a b o l i c s t u d i e s d e m o n ­
strated f a s t i n g n o r m o g l y c e m i a — i n d i v i d u a l g l u c o s e v a l ­
u e s < 6 . 4 m M ( u p p e r l i m i t o f 9 5 % c o n f i d e n c e in terva l i n 
c o n t r o l s ) — a n d a s tab l e m e a n 8 . 4 - 9 . 4 m M p o s t p r a n d i a l 
g l y c e m i a i n the transplant g r o u p e a c h w e e k . T h e a n t e ­
c e d e n t o v e r a l l m e a n 2 - h p o s t p r a n d i a l g l y c e m i a w a s 
8 .8 ± 1.2 m M . 
T h e b l o o d s a m p l i n g a n d i n f u s i o n p r o c e d u r e s h a v e 
b e e n d e s c r i b e d ( 2 4 ) . P l a s m a i n s u l i n w a s r a d i o i m m u n o -
a s s a y e d u s i n g d o g i n s u l i n as s tandard ( 2 4 ) a n d g l u c o s e 
w a s a s s a y e d w i t h a G l u c o s e A n a l y z e r 2 ( B e c k m a n , P a l o 
A l t o , C A ) . 
T h e i n t r a v e n o u s g l u c o s e t o l e r a n c e test ( I V G T T ) , i n ­
s u l i n s e c r e t o r y c a p a c i t y test , a n d m e a l t e s t h a v e b e e n 
d e t a i l e d p r e v i o u s l y ( 2 4 ) . B r i e f l y , I V G T T w a s p e r f o r m e d 
t o d e t e r m i n e b o t h g l u c o s e c l e a r a n c e (kG) a n d t h e a c u t e 
i n s u l i n r e s p o n s e a b o v e b a s e l i n e f r o m 0 - 3 m i n after b o l u s 
i n f u s i o n o f 0 .5 g g l u c o s e p e r k g b o d y w e i g h t . F o r 
a s s e s s m e n t o f t h e i n s u l i n s e c r e t o r y c a p a c i t y p l a s m a 
g l u c o s e w a s r a i s e d a n d m a i n t a i n e d at a p p r o x i m a t e l y 3 5 
m M for 8 0 m i n b y v a r i a b l e rate i n f u s i o n o f a 4 0 % 
g l u c o s e s o l u t i o n , g u i d e d b y o n - l i n e p l a s m a g l u c o s e 
a n a l y s i s e v e r y 5 m i n t o m a n u a l l y c o n t r o l the g l u c o s e 
i n f u s i o n rate . B l o o d for i n s u l i n a s s a y w a s d r a w n as 
s h o w n i n F i g . 1. T h e s e c o n d a r y i n s u l i n r e s p o n s e t o 
s t e a d y - s t a t e 3 5 m M g l y c e m i a w a s e x p r e s s e d in t h e m e a n 
i n c r e m e n t f r o m 4 5 t o 5 0 m i n a b o v e b a s e l i n e . A t 5 0 m i n , 
a 2 g a r g i n i n e h y d r o c h l o r i d e b o l u s w a s a d m i n i s t e r e d . T h e 
i n s u l i n s e c r e t o r y c a p a c i t y w a s e x p r e s s e d in the m e a n 
a c u t e i n s u l i n i n c r e m e n t f r o m 5 2 t o 5 5 m i n o v e r the m e a n 
4 5 - 5 0 m i n p r e s t i m u l u s i n s u l i n l e v e l . A tes t m e a l c o n ­
s i s t i n g o f 5 0 0 m L o f the r e g u l a r s e m i l i q u i d m e a l w a s 
i n g e s t e d b y t h e a n i m a l s w i t h i n 15 m i n . B l o o d w a s d r a w n 
as s h o w n in F i g . 1 for a s s e s s m e n t o f the i n t e g r a t e d 
r e s p o n s e s a b o v e b a s e l i n e o f p l a s m a g l u c o s e a n d i n s u l i n 
d u r i n g 2 p o s t p r a n d i a l h o u r s . 
I n s u l i n a c t i o n w a s m e a s u r e d b y a t w o - s t e p h y p e r i n s u -
l i n e m i c e u g l y e e m i c c l a m p . A f t e r t a k i n g b a s e l i n e s a m p l e s 
for g l u c o s e a n d i n s u l i n a s s a y at — 1 5 , — 1 0 , — 5 , a n d 0 
m i n , i n s u l i n ( A c t r a p i d ; N o v o , C o p e n h a g e n , D e n m a r k ) 
w a s i n f u s e d at 1 0 m U / m i n f r o m 0 m i n , a n d at 5 0 m U / m i n 
f r o m 9 0 - 1 8 0 m i n , d u r i n g w h i c h a v a r i a b l e i n f u s i o n o f a 
2 0 % g l u c o s e s o l u t i o n k e p t p l a s m a g l u c o s e at t h e m e a n 
f a s t i n g l e v e l , g u i d e d b y g l u c o s e a n a l y s i s a s d e s c r i b e d 
a b o v e . S a m p l e s for p l a s m a i n s u l i n a s s a y w e r e d r a w n 
e v e r y 10 m i n f r o m 6 0 t o 9 0 , a n d f r o m 1 5 0 t o 1 8 0 m i n , for 
c a l c u l a t i o n o f the i n d e x o f i n s u l i n a c t i o n ( 1 0 2 • L • k g ~ 1 • 
m i n - 1 p e r p M ) as d e s c r i b e d b y F i n e g o o d a n d c o w o r k e r s 
( 2 ) . Insu l in c l e a r a n c e w a s e x p r e s s e d i n the h i g h - d o s e 
i n s u l i n i n f u s i o n rate p e r k g b o d y w e i g h t , d i v i d e d b y the 
c o r r e s p o n d i n g m e a n i n s u l i n l e v e l , d u r i n g t h e f ina l 3 0 
m i n . 
T h e i n s u l i n o t r o p i c e f f e c t s o f G I P (n = 7 ) a n d G L P - 1 
(n = 4 ) w e r e s t u d i e d i n the t r a n s p l a n t e d a n i m a l s d u r i n g 
a p p r o x i m a t e l y 8 . 5 - m M g l y c e m i c c l a m p s i n order to 
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Fig. 1. Response curves in 30 normal control dogs (open 
circles) and eight dogs with intrasplenic islet autografts at 6 - 9 
mo after transplantation (closed circles) of plasma insulin 
following (A) an intravenous glucose bolus, (B) an intravenous 
arginine bolus during an intravenous 35 mM glucose clamp, 
and of plasma (C) insulin and (D) glucose after a mixed meal. 
The posttransplant insulinemia following arginine stimulation 
during the 35 mM glucose clamp is plotted again as an overlay 
(asterisks) in panel C for comparison with the postprandial 
insulinemia. 
m i m i c the p o s t p r a n d i a l g l y c e m i c c o n d i t i o n s . T h e r e c i p ­
i e n t s n o t s t u d i e d w e r e e i ther e x c l u d e d b e c a u s e f a s t i n g 
h y p e r g l y c e m i a h a d d e v e l o p e d (n = 1 ) , or w e r e n o l o n g e r 
a v a i l a b l e b e c a u s e our s t u d i e s w e r e p e r f o r m e d i n t w o 
c o n s e c u t i v e s e r i e s o f e x p e r i m e n t s , a n d the G L P - 1 s t u d y 
w a s i n t r o d u c e d first i n the s e c o n d s e r i e s . E a c h a n i m a l 
u n d e r w e n t three g l y c e m i c c l a m p s o n separate d a y s , o n e 
w i t h o u t a n d t h e o t h e r s w i t h the s i m u l t a n e o u s c o i n f u s i o n 
o f G I P or G L P - 1 . A f t e r t a k i n g b a s e l i n e s a m p l e s a 
v a r i a b l e 4 0 % g l u c o s e i n f u s i o n w a s started at 2 0 m L / h to 
r a i s e a n d m a i n t a i n p l a s m a g l u c o s e at a p p r o x i m a t e l y 8 . 5 
m M for 1 1 0 m i n , g u i d e d b y g l u c o s e a n a l y s i s a s d e s c r i b e d 
a b o v e . F r o m 5 0 to 8 0 m i n e i ther t h e v e h i c l e w a s 
c o i n f u s e d i n the contra la tera l h i n d l e g , or 1 .75 p m o l • 
k g - 1 • m i n - 1 o f s y n t h e t i c p o r c i n e G I P or s y n t h e t i c 
h u m a n G L P - 1 ( 7 - 3 6 a m i d e ) ( P e n i n s u l a , M e r s e y s i d e , St . 
H e l e n s , U K ) d i s s o l v e d i n 0 . 9 % N a C l c o n t a i n i n g 0 . 1 % 
b o v i n e s e r u m a l b u m i n ( f rac t ion V , 3 5 % - s o l u t i o n , S i g ­
m a ) . N e t p e p t i d e c o n t e n t rather t h a n g r o s s w e i g h t w a s 
u s e d for c a l c u l a t i o n o f t h e d o s e . B l o o d w a s d r a w n for 
p l a s m a i n s u l i n a s s a y a s s h o w n i n F i g . 3 . T h e i n s u l i n o ­
trop ic e f f e c t s o f the p e p t i d e s w e r e quant i ta ted b y c o m ­
p a r i s o n o f the m e a n i n s u l i n l e v e l a n d g l u c o s e i n f u s i o n 
rate f r o m 6 5 - 8 0 m i n . 
Statistical Analysis 
In t egra t ed r e s p o n s e s w e r e c a l c u l a t e d u s i n g t h e trape­
z o i d a l ru le , a n d w e i g h t e d b y d i v i d i n g b y the r e s p e c t i v e 
p e r i o d s . L o g a r i t h m i c t r a n s f o r m a t i o n o f da ta w a s u s e d 
w h e n appropr ia te t o n o r m a l i z e t h e d i s t r ibut ion o f the 
data . R e s u l t s are e x p r e s s e d a s m e a n ± S E M , a n d 
d i f f e r e n c e s b e t w e e n m e a n s w e r e a n a l y z e d b y S t u d e n t ' s 
t - test for p a i r e d or u n p a i r e d da ta a n d c o n s i d e r e d n o t 
s i g n i f i c a n t at p > 0 . 0 5 . 
RESULTS 
F o r e a c h a n i m a l , t h e f a s t i n g g l u c o s e a n d i n s u l i n v a l u e s 
w e r e c a l c u l a t e d a s m e a n s o f the b a s e l i n e l e v e l s o f a l l t h e 
t e s t s . T h e m e a n f a s t i n g g l y c e m i a ( 5 . 3 ± 0 . 1 v s . 5 . 3 ± 0 . 1 
m M ) a n d i n s u l i n e m i a ( 6 2 ± 3 v s . 5 7 ± 2 p M ) w e r e 
s i m i l a r i n the c o n t r o l a n d e x p e r i m e n t a l a n i m a l s , r e s p e c ­
t i v e l y . G l u c o s e c l e a r a n c e (kG) d u r i n g I V G T T ( 2 . 4 ± 0 .1 
v s . 0 . 9 ± 0 .1 % / m i n ) a m o u n t e d p o s t t r a n s p l a n t t o 4 0 % o f 
the n o r m a l v a l u e (p < 0 . 0 0 0 1 ) . F i g u r e 1 s h o w s the 
i n s u l i n r e s p o n s e c u r v e s d u r i n g I V G T T ( A ) , t h e i n t r a v e ­
n o u s 3 5 m M g l u c o s e c l a m p w i t h a r g i n i n e s t i m u l a t i o n 
( B ) , t h e m e a l t e s t ( C ) , a n d the g l u c o s e r e s p o n s e t o a m e a l 
( D ) . 
B o t h the a c u t e i n s u l i n r e s p o n s e f r o m 0 - 3 m i n at 
I V G T T ( 3 0 5 ± 3 7 v s . 3 7 ± 8 p M ; F i g . 1 A ) , a n d t h e 
s e c o n d a r y i n s u l i n r e s p o n s e f r o m 4 5 - 5 0 m i n d u r i n g t h e 
3 5 m M g l u c o s e c l a m p ( 9 2 2 ± 1 2 0 v s . 81 ± 2 0 p M ; F i g . 
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Table 1. Two-step sequential hyperinsulinemic euglyeemic clamp 
Parameter Controls Grafts 
Insulin action index (10 2 • L • kg™1 • min™1 per pM) 38 ± 5 21 ± 3* 
Insulin clearance (mL • k g - 1 • min™1) 42 ± 4 34 ± 3 
First insulin level (pM) 157 ± 9 172 ± 13 
Second insulin level (pM) 732 ± 63 840 ± 74 
Values are means ± S E M . 
*p < 0.05 vs. controls. 
I B ) a m o u n t e d t o a p p r o x i m a t e l y 1 0 % o f the c o n t r o l 
v a l u e s (p < 0 . 0 0 0 1 ) . T h e i n s u l i n s e c r e t o r y c a p a c i t y — t h e 
a c u t e i n s u l i n r e s p o n s e f r o m 5 2 - 5 5 m i n t o a r g i n i n e b o l u s 
s t i m u l a t i o n d u r i n g the 3 5 m M g l u c o s e c l a m p ( F i g . 
I B ) — a v e r a g e d p o s t t r a n s p l a n t 2 5 % o f the c o n t r o l v a l u e 
( 6 9 3 ± 7 7 v s . 1 7 2 ± 4 4 p M ; p < 0 . 0 0 0 1 ) . In contras t , the 
p o s t p r a n d i a l i n s u l i n r e s p o n s e ( F i g . I C ) h a d i n c r e a s e d 
p o s t t r a n s p l a n t t o a p p r o x i m a t e l y 1 4 0 % o f the n o r m a l 
r e s p o n s e ( 1 1 9 ± 1 0 v s . 1 6 4 ± 15 p M ; p < 0 . 0 5 ) . T h e 
p o s t t r a n s p l a n t i n s u l i n e m i a after a m e a l c o r r e s p o n d e d to 
the p o s t t r a n s p l a n t p e a k i n s u l i n e m i a d u r i n g the i n s u l i n 
s e c r e t o r y c a p a c i t y test , w h i c h i s s h o w n a g a i n for d irec t 
c o m p a r i s o n as a n o v e r l a y g r a p h i n F i g . I C . P o s t p r a n d i a l 
g l y c e m i a ( F i g . I D ) r e a c h e d a m e a n 8 .5 m M after 
t ransp lanta t ion a n d the g l u c o s e i n c r e m e n t s a m o u n t e d t o 
0 . 2 ± 0 .1 v s . 2 . 9 ± 0 . 7 m M (p < 0 . 0 0 0 1 ) i n the c o n t r o l 
a n d e x p e r i m e n t a l g r o u p , r e s p e c t i v e l y . A s s h o w n i n T a b l e 
1, i n s u l i n a c t i o n i n the graf ted d o g s a v e r a g e d 5 5 % o f the 
n o r m a l v a l u e (p < 0 . 0 5 ) . I n s u l i n c l e a r a n c e w a s n o t 
a f f e c t e d b y i s l e t t ransp lanta t ion . 
T h e i n s u l i n s e c r e t o r y c a p a c i t y o f the i n d i v i d u a l grafts 
c o r r e l a t e d s i g n i f i c a n t l y w i t h b o t h the p o s t p r a n d i a l g l u ­
c o s e e x c u r s i o n (p < 0 . 0 0 1 ; F i g . 2 A ) , a n d t h e i n d e x o f 
i n s u l i n a c t i o n (p < 0 . 0 5 ; F i g . 2 B ) in the graft r e c i p i e n t s . 
T h e i n d e x o f i n s u l i n a c t i o n d i d n o t s i g n i f i c a n t l y corre la te 
w i t h the p o s t p r a n d i a l g l u c o s e e x c u r s i o n (data n o t 
s h o w n ) . 
I n f u s i o n o f G I P i n the i s l e t r e c i p i e n t s d i d n o t e f f e c t the 
i n s u l i n e m i a nor the g l u c o s e u p t a k e — t h e g l u c o s e i n f u ­
s i o n rate r e q u i r e d t o m a i n t a i n t h e 8 .5 m M g l y c e m i a (data 
n o t s h o w n ) . T h e i n s u l i n o t r o p i c e f f e c t o f G L P - 1 i n f u s i o n 
d u r i n g 8 .5 m M g l u c o s e c l a m p s in t h e i s l e t r e c i p i e n t s i s 
i l lus trated i n F i g . 3 . 
A s s h o w n i n T a b l e 2 i n s u l i n e m i a d u r i n g the f ina l 15 
m i n o f G L P - 1 i n f u s i o n i n c r e a s e d t o a m e a n 1 7 5 % o f the 
c o r r e s p o n d i n g i n s u l i n e m i a d u r i n g the g l u c o s e c l a m p 
w i t h o u t c o i n f u s i o n o f the p e p t i d e . G l u c o s e u p t a k e para l ­
l e l e d t h e i n c r e m e n t i n i n s u l i n l e v e l s . 
i n t o l e r a n c e f o l l o w i n g an i n t r a v e n o u s g l u c o s e c h a l l e n g e 
in the graft r e c i p i e n t s c o r r o b o r a t e d p r e v i o u s s t u d i e s o f 
d o g autograf t s ( 1 7 , 2 1 , 2 4 ) and s t r e p t o z o t o c i n - d i a b e t i c 
r a t s — e v e n after i s o g r a f t i n g the a v e r a g e n o r m a l i s l e t 
m a s s ( 2 5 ) . B e c a u s e a n t e c e d e n t c h r o n i c h y p e r g l y c e m i a 
h a s b e e n s h o w n t o i m p a i r the i n s u l i n r e s p o n s e t o intra­
v e n o u s g l u c o s e ( 1 5 ) , p r o b a b l y b o t h t h e r e p e t i t i v e p o s t ­
prandia l h y p e r g l y c e m i a a n d the 7 5 % r e d u c t i o n o f the 
b e t a - c e l l m a s s after t ransp lanta t ion c o n t r i b u t e d to the 
9 0 % r e d u c t i o n o f i n t r a v e n o u s g l u c o s e - s t i m u l a t e d i n s u l i n 
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Insulin secretory capacity 
DISCUSSION 
W e s t u d i e d g l y c e m i c c o n t r o l in l o n g - t e r m f a s t i n g -
n o r m o g l y c e m i c d o g s w i t h i n t r a s p l e n i c autograf t s o f p u ­
r i f i ed i s l e t s . T h e p o o r b e t a - c e l l r e s p o n s e a n d g l u c o s e 
Fig. 2. Correlation in the graft recipients of the insulin secretory 
capacity as determined by intravenous arginine stimulation at 
35 mM glycemia, vs. (A) the postprandial glucose excursion 
and (B) insulin action, after logarithmic transformation of the 
data. 
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Fig. 3. Plasma insulin response during intravenous 8.5 mM 
glucose clamps with (open symbols) or without (closed sym­
bols) coinfusion of GLP-1 (1.75 pmol • k g - 1 • m i n - 1 ) from 
5 0 - 8 0 min, at 6 -9 mo after islet autotransplantation. Asterisks 
indicate significant ip £ 0.05) differences between insulin 
levels at each time point. 
a s s e s s e d b y a r g i n i n e s t i m u l a t i o n u n d e r m a r k e d h y p e r g l y ­
c e m i c c o n d i t i o n s — i s , i n contras t , p r o b a b l y n o t a f f e c t e d 
b y a n t e c e d e n t h y p e r g l y c e m i a ( 7 , 1 5 ) , a n d h a s b e e n s h o w n 
t o b e a s e n s i t i v e i n d i c a t o r o f the r e d u c t i o n i n b e t a - c e l l 
m a s s i n part ial p a n c r e a t e c t o m i z e d a n d d i a b e t i c s u b j e c t s 
( 2 6 , 2 7 ) . T h e pos t t ransp lant a p p r o x i m a t e l y s i m i l a r 7 5 % 
r e d u c t i o n o f b o t h the i s l e t m a s s a n d t h e i n s u l i n s e c r e t o r y 
c a p a c i t y , i n d i c a t e d the latter p a r a m e t e r t o b e a s e n s i t i v e 
g a u g e o f the b e t a - c e l l m a s s i n our m o d e l a s w e l l . W i t h 
t h e a s s u m p t i o n o f (near - ) m a x i m a l b e t a - c e l l s t i m u l a t i o n 
d u r i n g t h e i n s u l i n s e c r e t o r y c a p a c i t y tes t ( 1 0 , 2 6 ) the 
p o s t t r a n s p l a n t s i m i l a r i n s u l i n e m i a after a m e a l i n d i c a t e d 
that the graft w a s (near - ) m a x i m a l s t i m u l a t e d p o s t p r a n -
d i a l l y a s w e l l . T h i s c o n c l u s i o n i s s u b s t a n t i a t e d b y the 
( n e g a t i v e ) c o r r e l a t i o n o f the i n s u l i n s e c r e t o r y c a p a c i t y 
v s . t h e p o s t p r a n d i a l g l u c o s e e x c u r s i o n i n the t r a n s p l a n t e d 
a n i m a l s . T h e s e f i n d i n g s c o n f i r m a n d e x t e n d o u r p r e v i o u s 
report s o f t h e r e m a r k a b l e d i f f e r e n c e b e t w e e n the i n s u l i n 
r e s p o n s e to an i n t r a v e n o u s a n d oral c h a l l e n g e after i s l e t 
t ransp lanta t ion in rats a n d d o g s ( 2 4 , 2 5 ) . A p a r t f r o m the 
d o s e o f t ransp lanted i s l e t s , pur i ty o f the graft a p p e a r e d t o 
b e a l s o i m p o r t a n t for the f u n c t i o n a l o u t c o m e . T h e p o s t -
t ransp lant i n s u l i n s e c r e t o r y c a p a c i t y in th i s s t u d y o f 
p u r i f i e d i s l e t grafts n e a r l y d o u b l e d , a n d p o s t p r a n d i a l 
g l u c o s e t o l e r a n c e w a s super ior , c o m p a r e d t o the da ta w e 
o b t a i n e d i n a s t u d y o f part ia l ly p u r i f i e d graf ts that 
c o m p r i s e d a s i m i l a r d o s e o f i s l e t s ( 2 4 ) — i n d i c a t i n g that 
ac inar c o n t a m i n a t i o n o f an i s l e t graft m a y i m p e d e the 
e n g r a f t m e n t a n d s u r v i v a l o f i s l e t s . 
W e h y p o t h e s i z e d that the graf t ' s h y p e r i n s u l i n e m i c 
r e s p o n s e to a m e a l , a s o p p o s e d t o the h y p o i n s u l i n e m i c 
r e s p o n s e to an i n t r a v e n o u s c h a l l e n g e , m a y b e at tr ibuted 
t o h y p e r g l y c e m i c p o t e n t i a t i o n o f t h e e n t e r o i n s u l a r a x i s 
after m e a l s — r a t h e r than t h e h y p e r g l y c e m i a p e r s e . In 
v i t ro , w e r e c e n t l y d e m o n s t r a t e d g l u c o s e - d e p e n d e n t p o ­
t en t ia t ion o f i n s u l i n s e c r e t i o n f r o m f r e s h l y i s o l a t e d per i ­
f u s e d c a n i n e i s l e t s b y p h y s i o l o g i c a l l e v e l s o f h u m a n 
G L P - 1 , a n d — a l b e i t a p p r o x i m a t e 1 0 - f o l d l e s s — b y p h y s ­
i o l o g i c a l l e v e l s o f p o r c i n e G I P ( 2 3 ) . S i m i l a r p r o g r e s ­
s i v e l y grea ter p o t e n t i a t i n g e f f e c t s o f G I P a n d G L P - 1 o n 
g l u c o s e - s t i m u l a t e d i n s u l i n r e l e a s e at i n c r e a s i n g a m b i e n t 
g l u c o s e l e v e l s h a v e b e e n r e p o r t e d i n v i v o ( 6 , 1 1 ) — 
h o w e v e r , a s y e t , n o t after i s l e t t ransp lanta t ion . W e 
t h e r e f o r e i n v e s t i g a t e d the i n s u l i n o t r o p i c e f f e c t s o f l o w -
d o s e i n f u s i o n o f p o r c i n e G I P a n d h u m a n G L P - 1 d u r i n g 
8 .5 m M g l u c o s e c l a m p s i n order to m i m i c the p o s t p r a n ­
dia l g l y c e m i c c o n d i t i o n s after i s l e t t ransp lanta t ion . T h e 
a b s e n c e o f an incre t in e f f e c t o f G I P i n the p r e s e n t s t u d y 
c o r r o b o r a t e d our p r e v i o u s i n v i t ro f i n d i n g o f a 1 0 - f o l d 
s m a l l e r e f f e c t o f G I P c o m p a r e d t o G L P - 1 , a n d b e c a u s e 
p o r c i n e G I P d i f fers f r o m c a n i n e G I P , t h e data s h o u l d 
m o s t p r o b a b l y b e t a k e n t o i n d i c a t e that p o r c i n e G I P 
c a n n o t b e u s e d t o s t u d y l o w - d o s e p h y s i o l o g i c a l e f f e c t s i n 
the d o g , rather than i n d i c a t i n g n o r o l e o f G I P a s an 
incre t in i n our m o d e l . H u m a n G L P - 1 , i n contras t , m a y b e 
i d e n t i c a l t o c a n i n e G L P - 1 b e c a u s e t h e s tructure o f G L P - 1 
h a s b e e n s h o w n i d e n t i c a l i n al l m a m m a l s s t u d i e d s o far 
( 2 3 ) . T h e i n s u l i n e m i a d u r i n g the 8 .5 m M g l u c o s e c l a m p s 
i n our graf ted d o g s n e a r l y d o u b l e d d u r i n g i n f u s i o n o f 
G L P - 1 at a d o s e that i s k n o w n t o l e a d t o n e a r - p h y s i o ­
l o g i c a l p l a s m a G L P - 1 l e v e l s in m a n ( 1 2 ) , a n d w h i c h h a s 
b e e n s h o w n t o b e l e s s i n s u l i n o t r o p i c at l o w e r ( 6 - 7 m M ) 
g l u c o s e l e v e l s i n n o r m a l d o g s ( 5 ) . A h y p e r g l y c e m i a -
e n h a n c e d i n s u l i n o t r o p i c e f f e c t o f G L P - 1 — a n d p e r h a p s 
o ther g u t h o r m o n e s , a s w e l l — m a y , t h e r e f o r e , a c c o u n t for 
the m a r k e d d i f f e r e n c e i n the i n s u l i n r e s p o n s e to t h e 
i n t r a v e n o u s a n d oral c h a l l e n g e s . T h e fac t that the g l u c o s e 
i n f u s i o n rate h a d to b e i n c r e a s e d t o m a i n t a i n the g l u c o s e 
l e v e l at 8 . 5 m M d u r i n g G L P - 1 a d m i n i s t r a t i o n , i s w e l l 
Table 2. Insulinotropic effect of GLP-1 during 8.5 mM glucose clamps in the grafted dogs 
Parameter No GLP-1 GLP-1 
Insulin level (pM) 72 ± 19 126 ± 17* 
Glucose level (mM) 8.5 ± 0.2 8.4 ± 0.3 
Glucose infusion (mg • k g - 1 • m i n - 1 ) 5.8 ± 2.0 9.4 ± 2.8t 
Values are means ± S E M o f the ind iv idua l mean insul inemia, g lycemia, and glucose in fus ion rate dur ing the f i na l 15 m i n in fus ion o f G L P - 1 ( f r o m 
6 5 - 8 0 m in ) . 
*p < 0 .01 , t p < 0.05. 
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c o m p a t i b l e w i t h i t s g l u c o s e l o w e r i n g e f f e c t i n b o t h 
d i a b e t i c a n d n o r m a l s u b j e c t s ( 1 , 3 , 9 ) , a n d p r o b a b l y m a y 
b e at tr ibuted t o i ts e f f e c t s o n i s l e t f u n c t i o n ( 1 , 1 3 ) , rather 
than o n i n s u l i n s e n s i t i v i t y a s i n I D D M ( 3 ) . 
A p a r t f r o m t h e i n s u l i n s e c r e t o r y de f i c i t , i n s u l i n r e s i s ­
t a n c e p r o b a b l y a l s o c o n t r i b u t e d t o the i m p a i r e d g l u c o s e 
t o l e r a n c e i n o u r graft r e c i p i e n t s . H o w e v e r , c o r r e l a t i o n o f 
t h e graf t ' s i n s u l i n s e c r e t o r y c a p a c i t y w i t h b o t h the 
p o s t p r a n d i a l g l u c o s e e x c u r s i o n a n d i n s u l i n a c t i o n in the 
graf ted a n i m a l s — a n d n o s i g n i f i c a n t c o r r e l a t i o n b e t w e e n 
the latter t w o p a r a m e t e r s — w o u l d s u g g e s t the graf t ' s 
b e t a - c e l l m a s s t o b e t h e p r i m a r y d e t e r m i n a n t o f the 
g l u c o s e i n t o l e r a n c e . S t u d i e s i n part ia l ly p a n c r e a t e c t o -
m i z e d a n i m a l s a n d n e w l y d i a g n o s e d p a t i e n t s w i t h i n s u ­
l i n - d e p e n d e n t d i a b e t e s m e l l i t u s , l i k e w i s e , i n d i c a t e that 
i n s u l i n r e s i s t a n c e a c c o m p a n i e s a r e d u c e d i n s u l i n s e c r e ­
tory c a p a c i t y , a n d m a y i n c r e a s e a s the r e s i d u a l i n s u l i n 
s e c r e t o r y c a p a c i t y d e c r e a s e s ( 1 6 , 2 7 , 2 9 ) . In contras t , n o 
i n s u l i n r e s i s t a n c e , or c o r r e l a t i o n o f t h e i n s u l i n s e c r e t o r y 
c a p a c i t y a n d i n s u l i n a c t i o n — a s a s s e s s e d b y an e x o g e ­
n o u s i n s u l i n - m o d i f i e d i n t r a v e n o u s g l u c o s e t o l e r a n c e 
t e s t — w a s o b s e r v e d b y T o b i n a n d c o - w o r k e r s i n i s l e t 
a u t o g r a f t e d d o g s ( 2 0 ) . T h e b a s i s for th i s d i s c r e p a n c y m a y 
b e m a n i f o l d — b o t h , p e r h a p s a larger m a s s o f e n g r a f t e d 
i s l e t s , a n i n t e r i n d i v i d u a l l y l e s s v a r y i n g i n s u l i n s e c r e t o r y 
c a p a c i t y , a n d the d i f f erent a s s a y o f i n s u l i n a c t i o n i n the 
latter s t u d y , m a y a c c o u n t for t h e d i f f eren t f i n d i n g s . In a 
r e c e n t h y p e r i n s u l i n e m i c - e u g l y c e m i c c l a m p s t u d y o f 
h i g h - d o s e i s l e t t r a n s p l a n t e d i n s u l i n - d e p e n d e n t p a t i e n t s 
( 8 ) , an o n l y s l i g h t l y i m p a i r e d i n h i b i t i o n o f h e p a t i c 
g l u c o s e p r o d u c t i o n w a s o b s e r v e d i n a g r o u p o f p a t i e n t s 
w i t h w e l l - f u n c t i o n i n g graf t s , a n d c l e a r - c u t e v i d e n c e f o r 
i n s u l i n r e s i s t a n c e w a s o b t a i n e d o n l y i n a g r o u p o f 
p a t i e n t s w i t h part ial or n o n f u n c t i o n i n g graf ts . T h u s , t h e 
a c c u m u l a t e d e v i d e n c e w o u l d s u g g e s t that ( n e a r - ) n o r m a l 
i n s u l i n a c t i o n c a n b e a t ta ined p r o v i d e d that a s u f f i c i e n t 
i s l e t d o s e i s e n g r a f t e d . 
It s h o u l d b e n o t e d that p o s t p r a n d i a l h y p e r g l u c a g o n e -
m i a a n d p a n c r e a t i c p o l y p e p t i d e d e f i c i e n c y m a y a l s o h a v e 
c o n t r i b u t e d t o the i m p a i r e d g l u c o s e t o l e r a n c e i n o u r 
m o d e l , a s r e p o r t e d p r e v i o u s l y ( 2 4 ) . Further , t h e l a r g e l y 
or e x c l u s i v e l y ( v a g a l ) c h o l i n e r g i c - m e d i a t e d p r e a b s o r p -
t i v e i n s u l i n r e s p o n s e , w h i c h i s i m p o r t a n t for p o s t p r a n d i a l 
g l u c o s e t o l e r a n c e ( 8 , 1 8 , 1 9 ) , i s k n o w n to b e a b s e n t or 
d r a s t i c a l l y c u r t a i l e d after i s l e t t r a n s p l a n t a t i o n in rats 
( 1 9 , 2 5 ) , a n d m a y b e l a r g e l y a b s e n t i n our a n i m a l s a s 
w e l l , b e c a u s e p e r s i s t e n t c h o l i n e r g i c d e n e r v a t i o n o f t h e 
graft i s o b s e r v e d i n o u r m o d e l ( 2 4 ) . 
W e c o n c l u d e t h a t t h e i s l e t m a s s d e f i c i t a f ter t r a n s ­
p l a n t a t i o n r e s u l t s i n a s i m i l a r i n s u l i n s e c r e t o r y d e f i c i t 
tha t a p p e a r s t o b e t h e m a j o r d e t e r m i n a n t o f g l u c o s e 
t o l e r a n c e a n d i n s u l i n a c t i o n . A h y p e r g l y c e m i a - e n -
h a n c e d i n s u l i n o t r o p i c e f f e c t o f G L P - 1 , a n d p e r h a p s 
o t h e r g u t h o r m o n e s , m a y l a r g e l y a c c o u n t f o r t h e 
m a r k e d d i f f e r e n c e i n t h e i n s u l i n r e s p o n s e t o i n t r a v e ­
n o u s a n d o r a l c h a l l e n g e s a f t er t r a n s p l a n t a t i o n . A f t e r 
t r a n s p l a n t a t i o n o f a s u b o p t i m a l i s l e t m a s s , p o s t p r a n ­
d i a l h y p e r g l y c e m i c p o t e n t i a t i o n o f t h e e n t e r o i n s u l a r 
a x i s m a y , o n t h e o n e h a n d , r e s t r a i n t h e p o s t p r a n d i a l 
g l u c o s e e x c u r s i o n , a n d , o n t h e o t h e r h a n d , l e a d t o 
( n e a r - ) m a x i m a l s t i m u l a t i o n o f p o s t p r a n d i a l i n s u l i n — 
w h i c h , t e n t a t i v e l y , m i g h t e v e n t u a l l y l e a d t o f u n c t i o n a l 
f a i l u r e o f t h e gra f t . B e c a u s e t h e b e t a - c e l l m a s s a p p e a r s 
t o b e t h e p r i m a r y d e t e r m i n a n t o f g l u c o r e g u l a t i o n , w e 
c o n c l u d e that t r a n s p l a n t a t i o n o f h i g h e r d o s e s o f p u r i ­
f i e d i s l e t s s h o u l d a l l o w p r o l o n g e d n e a r - n o r m a l g l y c e ­
m i c c o n t r o l — a t l e a s t , i n t h e a u t o t r a n s p l a n t s e t t i n g . 
Acknowledgments — W e sincerely thank Dr . J . H . M . van De i jnen 
(Department o f Surgery, Un ivers i ty o f Gron ingen, Gron ingen, The 
Netherlands) and Dr . R.G.J. Westendorp (Department o f C l i n i ca l 
Ep idemio logy , Un ivers i ty Hospi ta l , Le iden, The Netherlands) fo r their 
support; and M s . M . G . van Schie-Troost, M s . A . M . A . Weemaes, M s . 
K . H . V a n der Na t -Van der M e y , M s . G . M . V a n Brake l , M s . J . M . H . 
He i len , M s . H . A . M . Ho l ts lag , M r . H . Dudart , M r . I . van Starkenburg, 
and M r . C. Wester fo r expert technical assistance. W e gratefu l ly 
acknowledge grant support fo r this study f r o m the Du tch Diabetes 
Research Foundat ion, and the board o f directors o f the Univers i ty 
Hospi ta l Le iden , The Netherlands. 
REFERENCES 
1. Ahren, B.; Larsson, H.; Hoist, J.J. Effects of glucagon-like 
peptide-1 on islet function and insulin sensitivity in non­
insulin-dependent diabetes mellitus. J. Clin. Endocrinol. 
Metab. 82:473-478; 1997. 
2. Finegood, D.T.; Pacini, C ; Bergman, R.N. The insulin 
sensitivity index: Correlation in dogs between values 
determined from the intravenous glucose tolerance test and 
the euglyeemic glucose clamp. Diabetes 33:362-368; 
1984. 
3. Gutniak, M.; 0rskov, C ; Hoist, J.J.; Ahren, B.; Efendic, S. 
Antidiabetogenic effect of glucagon-like peptide-1 (7-36) 
amide in normal subjects and patients with diabetes mel­
litus. N. Engl. J. Med. 326:1316-1322; 1992. 
4. Hering, B.J.; Browatzki, C C ; Schultz, A.; Bretzel, R.G.; 
Federlin, K.F. Clinical islet transplantation—registry re­
port, accomplishments in the past and future research 
needs. Cell Transplant. 2:269-282; 1993. 
5. Kawai, K.; Suzuki, S.; Ohashi, S.; Mukai, H.; Murayma, 
Y.; Yamashita, K. Effects of truncated glucagon-like pep­
tide-1 on pancreatic hormone release in normal conscious 
dogs. Acta Endocrinol. 123:661-667; 1990. 
6. Krarup, T. Immunoreactive gastric inhibitory polypeptide. 
Endocr. Rev. 9:122-134; 1988. 
7. Leahy, J.L.; Cooper, H.E.; Weir, G.C. Impaired insulin 
secretion associated with near normoglycemia. Diabetes 
36:459-464; 1987. 
8. Luzi, L.; Hering, B.J.; Socci, C ; Raptis, G.; Battezzati, A.; 
Terruzzi, I.; Falqui, L.; Brandhorst, H.; Brandhorst, D.; 
Regalia, E.; Brambilla, E.; Secchi, A.; Perseghin, G.; 
Glucoregulat ion after islet transplantat ion • M . P . M . VAN DER BURG ET AL. 503 
Maffi, P.; Bianchi, E.; Mazzaferro, V.; Gennari, L.; Di 
Carlo, V.; Federlin, K.; Pozza, G.; Bretzel, R.G. Metabolic 
effects of successful intraportal islet transplantation in 
insulin-dependent diabetes mellitus. J. Clin. Invest. 97: 
2611-2618; 1996. 
9. Nauck, M.A.; Heimesaat, M.M.; 0rskov, C ; Hoist, J.J.; 
Ebert, R.; Creutzfeldt, W. Preserved incretin activity of 
glucagon-like peptide 1 [7-36 amide] but not of synthetic 
human gastric inhibitory polypeptide in patients with 
type-2 diabetes mellitus. J. Clin. Invest. 91:301-307; 1993. 
10. Nauck, M.A.; Siegel, E.G.; Creutzfeldt, W. Prolonged 
maximal secretion of insulin secretion in healthy subjects 
does not provoke preferential release of proinsulin. Pan­
creas 6:645-652; 1991. 
11. 0rskov, C. Glucagon-like peptide-1, a new hormone of the 
entero-insular axis. Diabetologia 35:701-711; 1992. 
12. 0rskov, C ; Wettergren, A.; Hoist, J.J. Biological effects 
and metabolic rates of glucagonlike peptide-1 7-36 amide 
and glucagonlike peptide-1 7-37 in healthy subjects are 
indistinguishable. Diabetes 42 :658-661 ; 1993. 
13. 0rskov, L.; Hoist, J.J.; M0ller, J.; 0rskov, C ; M0ller, N.; 
Alberti, K.G.M.M.; Schmitz, O. GLP-1 does not acutely 
affect insulin sensitivity in healthy man. Diabetologia 
39:1227-1232; 1996. 
14. Pyzdrowski, K.L.; Kendall, D.M.; Halter, J.B.; Nakhleh, 
R.E.; Sutherland, D.E.; Robertson, R.P. Preserved insulin 
secretion and insulin independence in recipients of islet 
autografts. N. Engl. J. Med. 327:220-226; 1992. 
15. Rossetti, L.; Shulman, G.I.; Zawalich, W.; DeFronzo, R.A. 
Effect of chronic hyperglycemia on in vivo insulin secre­
tion in partially pancreatectomised rats. J. Clin. Invest. 
80:1037-1044; 1987. 
16. Rossetti, L.; Smith, D.; Shulman, G.I.; Papachristou, D.; 
DeFronzo, R.A. Correction of hyperglycemia with phlori­
zin normalizes tissue sensitivity to insulin in diabetic rats. 
J. Clin. Invest. 79:1510-1515; 1987. 
17. Scharp, D.W.; Marchetti, P.; Swanson, C ; Newton, M.; 
McCullough, C.S.; Olack, B. The effect of transplantation 
site and islet mass on long-term survival and metabolic and 
hormonal function of canine purified islet autografts. Cell 
Transplant. 1:245-254; 1992. 
18. Strack, T.R.; Greenberg, G.R.; Polonsky, K.S.; Albisser, A.M. 
The effect of a time delay on the characteristics of the canine 
glucoregulatory system. Metabolism 39:1219-1224; 1990. 
19. Strubbe, J.H.; Steffens, A.B. Neural control of insulin 
secretion. Horm. Metab. Res. 25:507-512; 1993. 
20. Tobin, B.W.; Lewis, J.T.; Tobin, B.L.; Rajotte, R.V.; 
Finegood, D.T. Markedly reduced B-cell function does not 
result in insulin resistance in islet autografted dogs. Dia­
betes 41:1172-1181; 1992. 
21. Van der Burg, M.P.M.; Gooszen, H.G. The metabolic 
efficiency of islet grafts: An overview. In: Hesse, U.J.; 
Pichlmaier, H., eds. Islet transplantation—current status of 
clinical application and experimental results. Lengerich, 
Germany: Wolfgang Pabst Verlag; 1992:93-99. 
22. Van der Burg, M.P.M.; Guicherit, O.R.; Frolich, M.; 
Scherft, J.P.; Prins, F.A.; Bruijn, J.A.; Gooszen, H.G. 
Assessment of islet isolation efficacy in dogs. Cell Trans­
plant. 3:91-101; 1994. 
23. Van der Burg, M.P.M.; Guicherit, O.R.; Frolich, M.; 
Gooszen, H.G. Insulinotropic effects of cholecystokinin, 
gastric inhibitory polypeptide and glucagon-like peptide-1 
during perifusion of short-term cultured canine isolated 
islets. Regul. Pept. 60:61-67; 1995. 
24. Van der Burg, M.P.M.; Guicherit, O.R.; Jansen, J.B.M.J.; 
Frolich, M.; Lamers, C.B.H.W.; Lemkes, H.H.P.J.; Bruijn, 
J.A.; Gooszen, H.G. Function and survival of intrasplenic 
islet autografts in dogs. Diabetologia 39:37-44; 1996. 
25. Van Suylichem, P.T.R.; Strubbe, J.H.; Houwing, H.; 
Wolters, G.H.J.; Van Schilfgaarde, R. Insulin secretion by 
rat islet isografts of a defined endocrine volume after 
transplantation to three different sites. Diabetologia 35: 
917-923; 1992. 
26. Ward, W.K.; Bolgiano, D . C ; McKnight, B.; Halter, J.B.; 
Porte, D. Diminished B cell secretory capacity in patients 
with noninsulin-dependent diabetes mellitus. J. Clin. In­
vest. 74:1318-1328; 1984. 
27. Ward, W.K.; Wallum, B.J.; Beard, J .C ; Taborsky, J.; 
Porte, D. Reduction of glycemic potentiation: sensitive 
indicator of B-cell loss in partially pancreatectomized 
dogs. Diabetes 37:723-729; 1988. 
28. Warnock, G.L.; Ao, Z.; Cattral, M.S.; Dabbs, K.D.; Ra­
jotte, R.V. Experimental islet transplantation in large 
animals. In: Ricordi, C , ed. Pancreatic islet cell transplan­
tation. Austin: R.G. Landes Company; 1992:261-278. 
29. Yki-Jarvinen, H.; Koivisto, V.A. Natural course of insulin 
resistance in type I diabetes. N. Engl. J. Med. 315:224-
230; 1986. 
